Abstract. Fractional anisotropy (FA) is currently an ideal index capable of reflecting the white matter structure.
Introduction
There were many research conducted in the past to explore the structure and function of the brain [1, 2] . Fractional anisotropy (FA) in cerebral white matter, which derived from diffusion tensor imaging (DTI), describes the directional selectivity of the random movement of water molecules. FA values were considered to be related to white matter structure and often used as imaging indices of the local microstructure [3, 4] .
1 H magnetic resonance spectroscopy ( 1 H-MRS) in cerebral white matter is often used as a noninvasive way to measure neurochemicals in vivo. The three most frequently measured metabolites are N-acetylaspartate (NAA), choline (Cho) and creatine (Cr). It has been reported in the past that, the combination of DTI and 1 H-MRS measurements had been used in hypertension and presumed cerebral small vessel disease [5] , Multiple Sclerosis [6] and Alzheimer's disease [7] . In this study the correlation of microstructure and metabolic concentrations was analyzed and measured by DTI and 1 H-MRS respectively, in bilateral medium corona radiata region of healthy adults. The result may provide a reference for combination of the two techniques in diseases.
Materials and methods

Participants
This study was permitted by the institutional ethics committee. All subjects had been given informed consent before the enrollment. Studies were performed in 31 (15 men and 16 women) healthy volunteers, aged from 18 to 66 (mean age=42). All participants were right-handed without MRI contraindications. Exclusion criteria included: the presence of white matter hyper-intensities, history of substance abuse, stroke or other major psychiatric or neurological illnesses.
MRI acquisition
All participants underwent DTI and 1 H-MRS using 3.0T MR system (Siemens, Skyra, Germany), equipped with sixteen-channel phased array head coil. On the mid-sagittal structural images, scan line was positioned on the upper section of corpus callosum parallel to the anterior-posterior commissure (AC-PC) line. For DTI, a single-shot, echo-planar, single-refocusing spin-echo sequence is used with a spatial resolution of 1.8×1.8×3.0 mm. The GRAPPA method with parallel imaging factor set to 2 was employed in order to reduce distortions. The sequence parameters were as TE/TR=91/8500 ms, FOV=230 mm, slice thickness=3 mm, 46 slices with no gaps, 30 isotropically distributed diffusion-weighted directions, b-value =0 and 1000 s/mm 2 . When b-value was 0 and 1000 the images were acquired eight times and twice respectively.
1 H-MRS: Multi-voxel 1 H-MRS was performed in each subject with point-resolved spectroscopy (PRESS) pulse sequence. The sequence parameters were as TE/TR=1700/135 ms, volume of voxel =10×10×13 mm, volume of interest (VOI) =80×80×13 mm, automated shimming resulted in water peak line widths 8-17 Hz. Figure 1 shows that sagittal and coronal T2WI and axial FA maps were used for positioning the spectroscopic volume of interest (VOI). VOI was located in the bilateral medium corona radiata, where provided good 1 H-MRS signal to easily shim and replicate from one individual to another. The VOI was placed by the same investigator in a uniform manner.
Data processing
The raw data were sent to a computer workstation (Multimodality Workplace Syngo MR). positioned on FA maps based on the absolute coordinates in order to ensure that the size (10×10 mm) of the cross section of a region of interest (ROI) on FA maps was equal to the size of the cross section of corresponding spectroscopic voxel. The ROIs were manually drawn on the FA map of each individual subjects in Syngo viewing software and then calculated the mean of FA value among all voxels in each ROI.
Statistical analysis
Statistical analysis of DTI and 1 H-MRS results of total 353 samples were performed by Statistical Product and Service Solutions (SPSS) software (version 20.0). All data were divided into three groups: total group (n=31, number of samples=353, 18~66 years old, mean age=42 years), junior group (n=16, number of samples=181, 18~42 years old, mean age=29 years), senior group (n=15, number of samples=172, 48~66 years old, mean age=56 years). FA values were enlarged by 1000 times. The correlations between FA and age were analyzed by Pearson's correlation coefficients. The correlations between FA and metabolite concentrations were estimated using partial correlation test controlling for the age related bias. Values were significant difference at p<0.05.
Results
Means for FA values,
1 H-MRS parameters (NAA, Cho, Cr, NAA/Cr) were shown in Table 1 . The FA and the corresponding age were showed as a significant negative relationship among total 353 subjects, junior and senior group (r=-0.146, r=-0.204, r=-0.162, respectively, p<0.05). It is demonstrated in Figure 3 that the positive correlation of FA with the corresponding NAA was the strongest in all three groups (r=0.339, r=0.213, r=0.430, respectively, p<0.05). The partial correlation coefficient of FA with Cho or Cr was trend only in three groups. The positive correlation of FA with the corresponding NAA/Cr wasstrongin the total 353 samples and the junior group (r=0.166, r=0.305, respectively, p<0.05) but was not significant in the senior group (r=0.114, p=0.139).
Discussion
FA and white matter microstructure
Most white matter structures in healthy and mature human brain consist of myelinated fibers which act as a natural passageway for water molecules. The diffusion of water molecules is limited in the direction perpendicular to the longitudinal axis of the fiber tract. DTI was taken advantages of the preferential diffusion of water molecules. Diffusion gradients were applied in a multiplicity of directions. FA was derived from the standard deviation of 3 eigenvalues. White matter FA probably reflects the demyelination, reduction in the density of oligodendrocytes and replacement of axonal fibers with other cells [8] [9] [10] [11] . The brain white matter is composed of liaison fibers, associative fibers, projective fibers and each fiber has different structural and metabolic characters. It is important to definite the type of fibers. This study demonstrated that FA was negatively correlated with normal aging in projective fibers of bilateral medium corona radiata. This result is similar to previous studies [3, 12] . The development and degradation of white matter may be the reason. During childhood, white matter undergoes myelination, increases in fiber density and alterations of size and shape [13] . Through the aging process, reductions in size are obvious [14] . As a result, FA increases during childhood, peaks at the age of 21-44 years, and then decreases at a slightly slower rate [12] .
This correlation may be more significant in dense, longer and fewer crossing fibers. In this study, investigators found that FA was higher in the region of corpus callosum than the upper region even in the same bundle of continuous fibers. The result may be interpreted that the weaker correlation between FA and normally aging in bilateral medium corona radiata than the corpus callosum.
FA and important cerebral metabolites
The result demonstrated a positive correlation between FA and concentrations of NAA, which is mainly related to neuron and glia. NAA is mainly concentrated in neuron. It serves as an acetyl donor, an initiator of protein synthesis or a carbon transfer source across the mitochondrial membrane [15] . The NAA signal that derived from pure cerebral white matter was considered a marker of the neuron health. Terry [16] found that the prominent changes are the shrinkage of large neurons and the increasing numbers of small neurons and glia during the aging process. In this study, the magnitude of the correlation coefficient between FA and NAA was larger in senior group (r=0.403) than junior group (r=0.213), which agrees with Wijtenburg's report [17] . The correlation of FA with NAA/Cr (r=0.166) was weaker than with NAA (0.339). Batouli [18] considered that strong environmental influence on Cr level suggests that it cannot be the best internal reference. So metabolite concentrations were considered to be a better reference when making a correlation research between microscopic white matter structure and metabolic characteristics.
The clinical significant of combination of 1 H-MRS and DTI
Pathological changes in the brain often lead to diffusion and metabolites concentration changes of water molecules. Therefore, the combination of the two techniques contributes for understanding pathology mechanism in various diseases. Nitkunan [5] used 1 H-MRS to determine the pathological changes which were abnormal on DTI in a range of patients with cerebral small vessel disease. The strength of the correlations between FA and NAA increased with severity of their disease. The authors considered that axonal loss was the salient process causing the DTI changes. The patients with multiple sclerosis (MS), correlations between FA and NAA revealed no significant difference except for the progressive forms of MS (secondary progressive and primary progressive). These findings revealed the specificity of NAA to reflect chronic lesions and the underlying axonal loss [6] . Ding [7] pointed out that partial correlation analysis showed a positive correlation (r=0.524, p<0.05) between myoinositol (mI)/Cr and left-side FA in patients with mild AD. It was probably associated with gliosis or membrane dysfunction in early AD.
A limitation of this study is that the volumes of DTI group and 1 H-MRS group are different, and further study is required to combine these two technologies for a better result. Another limitation is that there were no clinical disease cases. In future, further evaluation using DTI and 1 H-MRS for larger samples may be taken for better result.
Conclusion
There is a significant relationship between FA and NAA concentration, which is closely related to the structure and metabolic characteristics of neurons and glia. The combination of DTI and 1 H-MRS is capable to provide a better understanding of relationships between changes in white matter structure and metabolic characteristics.
